Summary. From the time of separation from their mothers infant mice were exposed for 10 consecutive days to urine from post-parturitional and late-lactational donor mice. They were then tested when adult on activity and sniffing behaviour.
The sample of mice exposed to urine from late-lactational donors was associated with reduced activity when compared with mice exposed to post-parturitional urine and a water control sample. The long term effects of the urine on behaviour were also apparent in positional preferences in an open arena as judged by frequency of entry, and to a lesser extent, the time spent in the left and right hand segments. Mice exposed to late-lactational urine sniffed less than the other treatment samples though preferences for sniffing the urine that they had been exposed to in infancy were less marked. The urine did not accelerate puberty, but mice in the control sample had more vaginal dioestrous smears and fewer smears with a predominance of epithelial cells.
Introduction.
Exposing infant female mice to the presence of adult female conspecifics slows the rate of sexual maturation (Vandenbergh, 1967 (Vandenbergh, , 1969 Fullerton and Cowley, 1971) and the substance(s) responsible for the delay are contained in the urine (Cowley and Wise, 1970 ; Drickamer, 1977 ;  Colby and Vandenbergh, 1974) . The picture is, however, complicated and a change in the composition of the urine, consequent upon a change in the reproductive state of the female, may have either a retarding or an accelerating effect on sexual development. The urine of pregnant and lactating mice accelerates the onset of the first oestrous while urine from virgin female mice may delay the onset of puberty (Drickamer and Hoover, 1979 ; Cowley and Wise, 19721 . While sexual maturation and changes in the regularity of oestrous cycle have formed a focus of interest the effects of exposure on the behaviour of mice has received little attention. An increase in open field activity following exposure, in infancy, to adult male conspecifics contrasted with the effects of exposing infant mice to adult females (Fullerton and Cowley, 1971) . ). In the latter the latency time, assessed by the time delay in moving away from the segment of the field where the mouse was first introduced, was enhanced. In rats the lordosis reflex is not modified by pheromonal secretions from pregnant and lactating animals though the odours from lactating mothers lengthen the oestrous cycle and those from pregnant mothers shorten it (McClintock, 1983) . Similarly, rats housed in activity wheels respond to the odour of urine from lactating and pregnant animals with changes in the length of the oestrous cycle and wheel running activity (Cowley and Wise, 1970 One recipient sample was exposed to urine collected from donor mothers (see below) 24 hrs after giving birth (post parturitional sample) while the second was exposed to urine collected from donors during the last week of lactation (18 days post parturition referred to as the late lactational). A third sample was treated with distilled water.
Lactating mothers of the same age and strain provided the donor urine. Details of the collecting, storing and application of the urine have been described elsewhere (Cowley and Wise, 1972) . The urine from 5-6 mothers was mixed together and diluted with distilled water in a ratio of 5 parts of water to 1 part of urine and applied, with a fine artist's paintbrush, once daily to the dorsal nasal surface when the mice were 22-32 days of age.
The 31 recipients were exposed (9 in each of the two urine and 13 in the water control sample), from the time they were separated from their mothers, for ten days and were examined daily for vaginal introitus. Vaginal smears were taken once daily for 10 days from vaginal opening. The mice were weighed at weaning, immediately after treatment, and when 80 days of age. They were tested for spontaneous motor activity (see below) both in the presence of urine from the lactating mothers and in a control condition where water only was present. The control mice sniffed the late-lactational urine almost as frequently as they did the post-parturitional urine (48 : 51) but both the mice exposed to the post-parturitional urine (31 : 43) and those exposed to the late-lactional urine (6 : 14) preferred to sniff the post-parturitional urine. In three out of the four trials, the mice exposed to the post-paturitional urine sniffed more often than did the control sample and their overall rate of sniffing was greater than that of the control mice but not significantly so. The uterus, the left ovary and left adrenal gland were removed and weighed at 60 days of age and the weights of these organs expressed as a percentage of the body weight of the mice. There were no significant differences between treatments in body weight or in the weight of these tissues.
Discussion.
The results show that urine collected from late-lactating mothers and applied daily to the nasal region of infant mice for 10 days after weaning has a marked effect on their subsequent behaviour when adult. The mice show a low level of activity in an arena compared with control mice. The differences in the levels of activity of the mice exposed to late-lactational and post-parturitional urine were even more marked and suggests that urine from these two different stages of lactation affect behaviour in diametrically opposite directions. The activity scores show both consistency over trials and on the two levels of test sensitivity though the results are more marked when fast running movements and the lowering of the body against the floor of the arena are recorded. Confirmation of the activity differences as between treatments was seen in the frequency with which the mice entered the segments adjacent to the sides of the arena. The mice treated with late-lactational urine made fewer entries and the pattern of results was similar for both the left and right segments.
The response to novelty in mice is largely determined by olfactory stimulation (Misslin and Ropartz, 1981) and the results show that the exposure to the urine of the lactating donors has also led to a lasting alteration in sniffing behaviour as between treatments. The mice exposed to late-lactational urine early in life sniffed less than the control and the mice exposed to the post-parturitional urine (Cowley et al., 1969) . The present results suggest that the reduced activity in these early studies may have been due to factors present in the mothers' urine. Qualitative differences in the composition of the urine may also promote differences in behaviour. Urine from highly active lactating mice raises activity levels when applied to the nasal region during the first 21 days of life and the finding contrasted with that of infant mice that had been treated with the urine of inactive lactating mothers and subsequently found when adult, to be less active (Cowley and Smale, 1986) . The recipients were exposed to the urine at a time when they were sucking from their mothers and the results may have been confounded by an interaction between the urine from the mothers and that from the active and inactive donors. In the present study, however, the mice were exposed to the urine after separation from the mothers and consequently the interaction effects, between infant and mother, are neglegible though we cannot preclude the possibility that the donor urine may have exerted some additive trace effect with that of the mothers.
The low level of sniffing in the mice exposed to the late-lactational urine is the obverse of that associated with exposure in infancy to the urine of adult male mice which is associated with heightened activity and an increase in sniffing behaviour (Harvey and Cowley, 1984) . The increase in sniffing behaviour following exposure to male urine is similar to that following exposure to postlactational urine and suggests that the post-lactational sample has been masculinised in this regard. The male mice were exposed to the urine at a younger age (first three weeks of life) and the design of the Ramirez, 1983) . The alteration of gross activity and basic reflex patterns like sniffing and orientation to the olfactory stimulus, as seen in the present study, may also extend to more complex behavioural changes as seen in the Bruce effect (Bruce, 1959) where memory has been implicated (see also Keverne and de la Riva, 1982) .
Urine from lactating mice has been reported to have an accelarating effect on the onset of puberty in female mice (Drickamer and Hoover, 1979) and the duration of ovulation and oestrus is increased within a cycle (Drickamer and Hoover, 1979) (Csermely, 1981) and, as a consequence, the obtaining of resources (warmth, territory, food) from the mother and avoidance of preditors at a time when the mice may otherwise be prone to be taken. A self-regulatory system may be operative. Mothers who spend much time with their litters may delay the age at which the young move away from the nest and mothers who are present for a shorter period of time because of limited food supplies or large numbers of competing mouths to feed would, through the limited presence of their secretions in the nest, evoke an early spontaneous leaving of the nest. That a controlling system is present is suggested by the tendency of mothers with large litters (and hence heavier demands on the milk supply) to spend less time with their young than mothers nursing small litters (Foote, 1974) , though the rate of growth will differ as between the two and the advantages accrued through rapid growth (small litters) 
